The purpose of this study was to examine the reliability of parameters obtained from a novel postural sway task test based on body movements controlled by visual feedback. Fifty-nine volunteers were divided into two groups. The first group consisted of young (n = 32, 16 females and 16 males, age: 25.2 ± 3.4 years) and the second group of elderly individuals (n = 27, 17 females and 10 males, age: 75.7 ± 6.9 years). Participants stood in parallel on a computer based stabilographic platform with the feet approximately a shoulder width apart, the toes slightly pointing outwards, the hands placed on the hips. The computer screen was placed approximately 1.5 meter from the platform at a height of subjects' eyes. An instantaneous visual feedback of participant's centre of pressure (COP) was given in a form of a blue cross visible on the screen. Participants were instructed to keep the blue cross driven by movements of their hips as close as possible to a predefined curve flowing on the screen. Out of the 6 parameters studied, only the average distance of COP from the curve line and the sum of the COP crossings through the curve line showed high reliability. Correlation between these two highly reliable parameters was -0.89. There was also a statistical difference (p<0.001) between young and elderly in both the average distance of COP from the curve line and the sum of the COP crossings through the curve. To conclude, the novel postural sway task provides a simple tool with relatively low time burden needed for testing. The suggested output parameters measured are highly reliable and easy to interpret.
Maintaining an upright posture is an essential part of still standing as well as basic human locomotion types e.g., walking and running. Hence, the evaluation of postural control has been widely used in research and clinical settings in various populations, ranging from elderly patients to athletes [11, 7] . One of the most widely used methods is recording the movement of the centre of pressure (COP) during still standing, so called static balance. The COP is the point of application of the resultant ground reaction force vectors. Typically, a subject is standing on a force platform, which allows recording the COP sway exerted to maintain the centre of mass (COM) as still as possible. These types of tests, which analyse the sway of COP, have been repeatedly reported to have a good reliability level (for a review see e.g., [13] ). A recent report of Robinovitch et al. [12] showed that the most common reason of falls among the elderly is incorrect COM transfer during movement e.g., during standing up or stepping sideway. There are also several laboratory and field tests which examine stability while a subject voluntarily or involuntarily moves the whole or parts of their body and hence induces COM transfer. They range from tests with minimal requirement for instrumentation to computerized dynamic posturography. For instance, the Star Excursion Balance Test [5] manipulating the visual field and ground surface to enable discrimination of the contribution of visual, vestibular, and somatosensory systems to maintaining balance. It is clear that such systems provide more complex information, however, with considerably higher financial costs and time demands. In our opinion, the tests using monitoring of height 1.65 ± COP during simple tasks performed on a force platform may provide a good compromise between the costs and the information obtained. One example of such test is the Functional Reach Test performed on the force platform. However, there exists scientific consensus that the control of gait and balance entails attentional capacity [1, 17, 18] which is not included within e.g., the Functional Reach Test. It would be therefore more relevant, in our opinion, to combine monitoring COP during voluntary body movement with an attentional task. Only a few studies using the above mentioned approach e.g., [3, 9] have been published so far. In addition, their findings were not always conclusive and the methodology varied significantly. Therefore, this study presents a novel postural sway task test based on voluntary body movements controlled by visual feedback. The purpose of the present study was to examine the reliability of parameters obtained from such a novel task test.
Materials and Methods

Subjects
Fifty-nine volunteers were divided into two groups. The first group consisted of young individuals (n = 32, 16 females and 16 males, age: 25.2 ± 3.4 years; weight 66.3 ± 10.0 kg, height 1.74 ± 0.075 m), whereas the second one of elderly individuals (n = 27, 17 females and 10 males, age: 75.7 ± 6.9 years; weight 72,4 ± 12.6 kg, height 1.65 ± 0.079 m). None of the participants reported musculoskeletal or neurological disorders that would limit their ability to take part in the study. The study was approved by the Ethics Committee of Faculty of Physical Education and Sports, Comenius University, Bratislava, Slovakia and was in compliance with the Helsinki Declaration .An informed consent form was read and signed by each of the subjects prior to the investigation.
Experimental protocol
Participants stood on a computer based stabilographic platform (Fitro SwayCheck, Fitronic, Bratislava, Slovakia) in a parallel stance, feet approximately a shoulder width apart, toes slightly pointing outwards, hands placed on the hips. A computer screen was placed approximately 1.5 meter from the platform at height of subject's eyes. An instantaneous visual feedback of participant's COP was given in a form of a blue cross visible on the screen. Participants were instructed to keep as close as possible with the blue cross driven by movements of his/her hips to a predefined flowing curve (Figure 1) . The length and thickness of the two cross lines were 16 and 5 pixels, respectively. The curve was moving from the top of the screen downwards and the subject copied its shape by their body movements (COP displacement) in mediolateral direction (ML). The curve parameters were programmed with a custom-made software and were identical in all tests. Curve was flowing in a downward vertical direction with the velocity of 0.03 ms-1 Waveform fluctuations around the vertical line were randomly generated by the control software. The extent of the amplitude was always less than subjects' ability to transfer their COP in the directions required. The system monitored horizontal distance between projection of COP on the screen and flowing curve as well as its velocity at the rate of 100 Hz. A sum of horizontal crossings of the COP trace across the flowing curve was recorded, as well. Duration of each test trial was 30 seconds. Prior to the actual testing, each subject carried out one familiarization trial. Subsequently, three trials of ML (Test) were performed with a 60-second rest period. Subjects were free to either stand relaxed or make several slow steps between the trials. After approximately a 20-minute rest period, the same set of 3 trials was carried out again (Re-test).
Data and statistical analyses
The following parameters were calculated from the data acquired: (AverDist), average distance of the COP from the curve line (AverDist L) average distance of the COP from the curve line on the left side of the curve (AverDist R) average distance of the COP from the curve line on the right side of the curve (AverRoute L) average curve route of the COP left from the curve line (AverRoute R) average curve route of the COP right from the curve line (COPCrossing) sum of the COP crossings through the curve line . When all data were merged, intraclass correlation (ICC) was applied to calculate the reliability coefficient (R) with the IBM SPSS software (IBM, NY, USA). The reliability coefficients were evaluated according to Vincent [15] as follows: R>0.90 -high reliability, R=0.80 -0.90, moderate reliability, R<0.80 -questionable. Subsequently, Pearson's correlation coefficients between variables with ICC R higher than 0.90 to assess their relationship were calculated. In addition, independent-samples t-test was used to evaluate the differences between the groups of young and elderly subjects separately for Test (mean of 3 trials) and Retest (mean of 3 trials). The independentsamples t-test was selected to estimate the sensitivity of the test for discrimination between two heterogeneous groups of the young and elderly.
Results and Discussion
Out of the 6 examined parameters, only AverDist and COPCrossing showed high reliability. Correlation between AverDist and COPCrossing was -0.89 (Table  1 ). Both parameters with ICC R higher than 0.90 were significantly different in the group of young subjects compared to the group of elderly subjects (Table 2) . Typically, variety of COP shift indices during still stance or voluntary COP movements are used, e.g. mean velocity, frequency, area, amplitude, sway index, COP sway area. [6, 10, 14] . In extreme case, thirty four parameters have been evaluated within a single study [8] . In a literature review focused on bipedal static task conditions, Ruhe et al. [13] concluded that the reliability of traditional COP parameters is acceptable if specific recommendations are followed in the study design. While having several parameters providing complex information about the COP shifts may be of advantage in research settings, in clinical practice, a single parameter to interpret would be ideal for both the clinician and the patient. In the present study, we found that out of six parameters studied, the average distance of COP from the curve line showed the highest reliability. Based on Vincent [15] , reliability coefficients can be considered as having high reliability if R is bigger than 0.90. Besides the average distance of COP from the curve line, also the parameter giving the sum of COP crossings through the curve line provided high reliability. Apart from that, both parameters were similarly and significantly sensitive to distinguish between young and elderly subjects ( Table 2) . In both cases, young subjects achieved approximately 50% better performance compared to elderly subjects. Both variables were also highly correlated suggesting that they measure the same physiological mechanism(s) controlling COP voluntary shifts. Therefore, the average distance of COP from the curve and the sum of COP crossings through the curve line could be used as an output parameter in the novel postural sway task test with visual feedback. In our opinion, the latter parameter provides smoother continuum values compared to the former one, which may be of an advantage. It should be noted that the present postural sway task test with visual feedback could be performed both in anterior-posterior and mediolateral direction.
However, in the present study, we used only mediolateral direction since previous research has shown that indices of sway in the mediolateral direction increased more significantly than those of sway in the anterior-posterior direction during voluntary COP shifts. Latash et al [9] suggested that large COP shifts in the anterior-posterior direction are common in everyday activities such as making a step or standing up from the chair. On the contrary, COP shifts in the mediolateral direction are less common and are typically of a smaller magnitude [2, 16] . Therefore, larger movements in the anterior-posterior direction may be considered a consequence of a more active search in the direction the person is more likely to move, for example to make a step. However, during a voluntary COP shift, the search function of the sway may be suppressed leading to a proportionally smaller increase in the sway in the AP direction, or even to its decrease, opposite to the mediolateral direction [9] . In addition, incorrect COM transfer during voluntary sideway (mediolateral) movements were shown to be the leading cause for falls in the elderly [12] . Studying indices of sway in the mediolateral direction during voluntary COP shifts is, in our opinion, of a high practical importance. In conclusion, the novel postural sway task provides a simple tool with relatively low time burden needed for testing. The suggested output parameters measured are highly reliable and easy to interpret.
